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(57) ABSTRACT

An 1mage pickup apparatus comprising: right and left optical
systems; shutters disposed 1n correspondence with each of
the right and left optical systems, for time-divisionally
switching between incident light; a micro computer for
controlling an open/close timing of the shutters; and an
image pickup element for picking up an image input via the
richt and left optical systems, wherein the microcomputer
variably controls the open/close timing of the shutters in
accordance with exposure timing information of the image
pickup element.
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1
IMAGE PICKUP APPARATUS

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present 1nvention relates to an 1mage pickup appara-
tus of a field sequential record type for picking up a stereo
image with right and left parallaxes.

2. Related Background Art
A stereo 1mage pickup system will be described.

The stereo 1mage pickup system described herein 1s of a
field time-division type 1n which odd and even fields of an
interlace video method such as NTSC are allocated to an
image seen from a right eye (left eye) and an image seen
from a left eye (right eye).

Images picked up and recorded by the field time-division
method are reproduced on a CRT monitor or the like, and
viewed by using a pair of liquid crystal shutter spectacles
which open and close synchronously with image timings. In
this manner, a stereo 1mage of the picked-up 1mage can be
viewed.

FIG. 9 1s a diagram showing the structure of a video
camera to which the mvention 1s applied. Referring to FIG.
9, reference numeral 500 represents a lens unit (optical
system unit) for generating right and left parallaxes, this
optical system being separated into right and left optical
systems on the side of the objective lens. A liquid crystal
shutter (for right eye) S02R and a liquid crystal shutter (for
left eye) S02L disposed respectively in the right and left
optical systems are operated so as to transmit a light flux (for
right eye) S01R and a light flux (for left eye) S01L, respec-
fively.

Transmitted light fluxes are converged into one light flux
by a mirror (for right eye) S03R, a mirror (for left eye) SO3L
and a prism 504. The converged light flux passes through an
iris 305 and through a lens exchange mount 802 via an
optical system 506 constituted of lenses and the like, and 1s
focussed on an image pickup plane of a CCD (image pickup
element) 621 on the side of a camera unit 600. Only one of
the right and left fluxes reaches the 1image pickup plane at
certain timing.

An image signal (video signal) output from the image
pickup element 621 1s processed by a camera signal pro-
cessing circuit 622 and supplied to an A/D converter circuit
624 via a signal line 623 to be converted 1nto a digital signal
in conformity with specifications such as NTSC and output
to the external via a signal line 625.

This signal 1s displayed by a display system (not shown)
compatible with a stereo 1mage so that stereo 1mages can be
viewed.

Aflow of signals for opening and closing the liquid crystal
shutters will be described.

An 1mage signal input to a sync separation circuit 701 via
the signal line 625 1s separated into a vertical sync signal
Vsync and an odd/even judgement signal (ODD/EVEN
signal).

The vertical sync signal Vsync 1s mput to two delay
circuits 702 and 703 via a signal line 705 to generate two
different delay pulse signals. An output of the delay circuit
702 1s used as a trigger signal for opening the shutter, and an

output of the delay circuit 703 1s used as a trigger signal for
closing the shutter. The ODD/EVEN signal 1s supplied to a
signal line 706.

In accordance with the two trigger signals and the ODD/
EVEN signal supplied via the signal line 706, a logic circuit
block 704 generates two pulse signals for driving the liquid
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2

crystal shutters 502R and 502L to open and close the
shutters via a drive circuit (for right eye) 803R and a drive

circuit (for left eye) S803L.

The delay circuits 702 and 703 are each constituted of a
mono multi-vibrator circuit.

FIG. 11 1s a diagram showing the structure of a conven-
tional video camera simplifying the structure shown m FIG.
9. In FIG. 11, reference numeral 1001 represents right and
left shutters (right eye shutter 1001R and left eye shutter
1001L) which are opened and closed at proper timings to
time-divisionally receive a stereo 1mage. Reference numeral
1002 represents right and left mirrors (right eye mirror
1002R and left eye mirror 1002L) which adjust the direc-
tions of right and left optical axes. Reference numeral 1003
represents a prism for the division of right and left optical
axes.

Reference numeral 1004 represents a lens for inputting an
image. Reference numeral 1005 represents a CCD for
receiving a stereo 1mage from the lens 1004. Reference
numeral 1006 represents a video processing circuit which
processes a signal supplied from CCD 1005 to generate a
video signal Vout.

Reference numeral 1007 represents a sync separation
circuit which generates a vertical sync signal (and an ODD/
EVEN signal). Reference numeral 1008 represents a cor-
rection circuit which corrects drive signals by using a delay
amount preset based upon an accumulation time of CCD

1005.

The corrected signals are used as drive signals of the
shutters so that a stereo 1mage without crosstalk can be
input.

In the stereo 1mage pickup system described above, the
shutters for switching between right and left images are
driven by right and left inverted shutter drive signals which
are generated 1n accordance with a sync signal separated
from an mput image signal.

There 1s a difference between the sync signal and the
accumulation timing of CCD. If the shutters are driven
directly by drive signals not corrected, crosswalk occurs
between the right and left images. From this reason, the
shutter open/close timing 1s corrected based upon the accu-
mulation timing of CCD.

The structure described above 1s, however, associated
with the following problems.

The open/close timing of the liquid crystal shutter 502
shown 1n FIG. 9 1s fixed based upon the sync signal derived
from the image signal (fixed by settings of the delay circuits

702 and 703).

This relation 1s illustrated in FIG. 10 which 1s a timing
chart of each signal wavetform 1n FIG. 9. Referring to FIG.
10, reference numeral 901 represents the waveform of the
vertical sync signal Vsync derived from an image signal. In
accordance with this vertical sync signal, the liquid crystal
shutter drive signal 1s generated.

Reference numeral 903 represents the waveform showing,
the accumulation timing of CCD which 1s fixed to a prede-
termined relation to the vertical sync signal Vsync.

Reference numeral 902 represents the waveform showing
the open/close timing of the liquid crystal shutter. The
suflicient conditions for the shutter open period are that this
per1od includes the CCD accumulation timing indicated by
the waveform 903, and the necessary conditions for the
shutter open period are that this period does not overlap
another CCD accumulation timing preceding or following,
the subject CCD accumulation period (right eye period for
left, and left eye period for right).
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If the former sufhicient conditions are not satisfied, the
exposure amount of an 1mage may become insuilicient,
whereas 1f the latter necessary conditions are not satisfied, a
crosswalk may occur between right and left images and the
quality of a stereo 1mage 1s degraded. In the conventional
example, the relation between the vertical sync signal and
the CCD accumulation timing is fixed. Therefore, the timing
when the liquid crystal shutter is opened (after an elapse of
a time Ta from the leading edge of the vertical sync signal
Vsync) and the timing when the liquid crystal shutter is
closed (after an elapse of a time Tb from the leading edge of

the vertical sync signal Vsync) are fixed by the settings of
the two delay circuits 702 and 703 shown in FIG. 9.

A lens exchange system 1s used on the assumption that a
new lens unit and a new camera unit will be developed 1n the
future. A newly developed camera unit does not necessarily
use the same 1mage pickup element such as a CCD, the same
driver circuit and the like.

Namely, there 15 a possibility that the CCD accumulation
fime 1s altered.

Depending upon the specification of a high speed shutter
and the like, the accumulation time may dynamically
change.

In such a case, there is a mismatch (shift) between the
accumulation time and the fixed open/close timing of the
liquid crystal shutters so that a light amount lowers or
crosstalk occurs.

Wavetforms 904 and 905 shown 1n FIG. 10 show differ-

ence between the timings of the liquid crystal shutters and
the CCD accumulataion timing when CCD accumulation
times are changed. In FIG. 10, arcas A indicated by solid
oblique lines correspond to insufficient light amounts which
result in a degraded 1image quality. If the difference becomes
larger, the accumulation time overlaps the accumulation
time for the other liquid crystal shutter, which results in
crosstalk.

In correcting the difference caused by the lens unit, 1t 1s
necessary to set again the correction circuit 1008 shown in

FIG. 11.

SUMMARY OF THE INVENTION

The present mnvention has been made to solve the above-
described problems. It 1s an object of the invention to
provide an 1image pickup system, a lens unit and an 1mage
pickup apparatus capable of preventing a lowered light
amount and crosstalk which may be caused by difference
between the accumulation time of an 1image pickup element
and the open/close timing of the shutter.

In order to achieve the above object, according to a
preferred embodiment of the invention, there 1s disclosed an
image pickup system having a lens unit and a camera unit
and picking up a stereo 1mage with right and left parallaxes
by a field sequential record method, wheremn the lens unit
comprises: right and left optical systems arranged to pick up
a stereo 1mage with right and left parallaxes and; shielding
means disposed 1n each of the right and left optical systems,
for time-divisionally switching between incident light
beams; control means for controlling an open/close timing,
of the shielding means; and communication means for
communicating with the camera unit, and wherein the con-
trol means controls the open/close timing of the shielding
means 1n accordance with exposure timing information of
the camera unit included 1n information received from the
camera unit via the communication means.
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4

Other objects and features of the invention will become
apparent from the following detailed description of embodi-
ments when read 1n conjunction with the accompanying
drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a diagram showing the structure of a first
embodiment.

FIG. 2 1s a timing chart showing each signal waveform of
the first embodiment.

FIG. 3 1s a flow chart 1llustrating the operation of the first
embodiment.

FIG. 4 1s a diagram showing the structure of a second
embodiment.

FIG. 5 1s a diagram showing the structure of a third
embodiment.

FIG. 6 1s a diagram showing the structure of a fourth
embodiment.

FIG. 7 1s a diagram showing the structure of a fifth
embodiment.

FIGS. 8A, 8B, 8C, 8D, 8E and 8F are timing charts
showing each signal waveform of the third to fifth embodi-
ments shown m FIGS. § to 7.

FIG. 9 1s a diagram showing the structure of a conven-
fional system.

FIG. 10 1s a timing chart showing each signal waveform
of the system shown 1n FIG. 9.

FIG. 11 1s a diagram showing the structure of another
conventional system.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

FIG. 1 1s a diagram showing the structure of a stereo
image pickup system according to a first embodiment. In
FIG. 1, reference numeral 11 represents a lens unit for
generating right and left parallaxes, this lens unit being
separated 1nto right and left optical systems on the side of the
objective lens. A liquid crystal shutter (for right eye) 102R
and a liquid crystal shutter (for left eye) 102L disposed in the
right and left optical systems are operated so as to transmit
a light flux (for right eye) 101R and a light flux (for left eye)
101L, respectively.

Transmitted light fluxes are converged into one light flux
by a mirror (for right eye) 103R, a mirror (for left eye) 103L
and a prism 104. The converged light flux passes through an
ir1s 105 and through a lens exchange mount 19 via an optical
system 106 constituted of lenses and the like, and 1s focussed
on an image pickup plane of a CCD (image pickup element)
121 on the side of a camera unit 12. Only one of the right
and left fluxes reaches the 1mage pickup plane at certain
fiming.

An image signal (video signal) output from the image
pickup element 121 1s processed by a camera signal pro-
cessing circuit 122 and supplied to an A/D converter circuit
124 via a signal line 123 to be converted into a digital signal
in conformity with specifications such as NTSC and output
to the external via a signal line 125.

In the following, the characteristic parts of the embodi-
ment will be described.

A camera microcomputer 126 controls the camera signal
processing circuit 122 and communicates with a lens micro-
computer (control means, correction means, reception
means) 14 via communication lines (communication means,
transmission means) 13 to thereby periodically exchange
information necessary for lens control. This communication
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1s disclosed in JP-A-10-65952 and the details thereof is
omitted. It 1s to be noted, however, that this communication
1s performed synchronously with the vertical sync signal.

The camera microcomputer 126 also sets the accumula-
tion period (time) of CCD 121 and thus has the information
of CCD 121 m order to control the camera signal processing
circuit 122.

In this embodiment, 1t 1s judged how much the start and
end time of the accumulation period are different from the
communication timing, 1.€., the vertical sync signal.

The camera microcomputer 126 controls the communi-
cation timing synchronously with the vertical sync signal,
and also controls various parameters such as an 1mage
pickup mode and a shutter speed.

The camera microcomputer 126 can correctly acquire the
timings of the accumulation period of the image pickup
clement and the vertical sync signal. In accordance with the
acquired timings, the camera microcomputer 126 generates
control information by calculating the open/close timing of
the liquid crystal shutters in such a manner that the accu-
mulation period of the image pickup element 1s correctly
positioned within the open period of the liquid crystal
shutter 1021, 102R of the lens unit 11.

The control information for open/close control of the
liquid crystal shutters 102 and 102R 1s represented as a
difference time from the vertical sync signal, and 1s sequen-
fially transmitted to the lens microcomputer 14 as digital
information T1 and T2. In this example, as shown in FIG. 2,
the digital information T1 corresponds to a time T1 from
when the vertical sync signal rises to when the shutter 1s
opened, and the digital information T2 corresponds to a time
T2 from when the vertical sync signal rises to when the
shutter 1s closed.

The camera microcomputer 126 transmits the above-
described time information together with a signal (ODD/
EVEN signal) representative of whether the currently
picked-up field 1s an even field or an odd field, to the lens
microcomputer 14.

Next, the operation flow on the lens side will be described.

The lens microcomputer 14 executes the following pro-
cesses 1n accordance with two sets of time information (T1
and T2) sequentially received from the camera microcom-

puter 126. These processes will be described with reference
to the flow chart of FIG. 3.

FIG. 3 1s the flow chart 1llustrating the operation of the
first embodiment. The operation 1s performed under the
control of a CPU (not shown) which executes a program
stored in a ROM (not shown).

First, 1t 1s judged whether communication operation 1s
going on or completed (Step S301), and at the same time
when the communication is completed, a counter (not
shown) starts counting (Step S302). The counter is reset at
cach vertical sync signal. In the case of NTSC, a counter
counts up about 250 times during a period of the vertical
sync signal.

When the count becomes equal to T1 (Step S303), it is
judged whether the field is even or odd (Step S304). If the
field 1s even, a signal for opening the shutter 102R 1s
generated (Step S30S5), whereas if the field is odd, a signal
for opening the shutter 1021 is generated (Step S306).

Thereafter, when the count becomes equal to T2 (Step
S307), a process of closing each shutter 1s executed (Step

S308).

FIG. 2 1s the timing chart showing each signal waveform
of the first embodiment, and 1illustrates how the timing of
cach signal changes.
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In this example, two types of camera units A and B are
selectively used, and 1t 1s explained how each shutter is
driven 1n such the case.

The camera unit A has an accumulation time of CCD
indicated by a waveform 82 shown in FIG. 2. As indicated
by wavelorms 83L and 83R, a count of 50 1s set to T1 and
a count of 230 1s set to T2. It 1s assumed that the counter
counts up 250 times during a period of the vertical sync
signal.

The camera unit B having performances different from the
camera unit A has an accumulation time of CCD indicated
by the waveform 21. T3 (time from when the vertical sync
signal rises to when the shutter is opened) of a waveform
22R i1s 20, and T4 (time from when the vertical sync signal
rises to when the shutter is closed) of a waveform 221 1s 230.

The camera side transmits the timing of the vertical sync
signal Vsync as well as the shutter open/close timing infor-
mation 11 and T2 provided by considering the accumulation
time of CCD based upon the vertical sync signal Vsync, to
the lens side. It 1s therefore possible for the lens microcom-
puter 14 to properly open and close the shutter by taking the
accumulation time into consideration.

As described above, according to the stereo image pickup
system of a lens-exchange type of the first embodiment, a
proper liquid crystal shutter open/close timing can be set for
any combination of the lens unit and camera unit. Accord-
ingly, a lowered exposure amount (lowered light amount)
and crosstalk which may be caused by the shift of a shutter
open/close timing can be avoided, so that a stereo 1mage
having a good 1mage quality can be picked up always.

FIG. 4 1s a diagram showing the structure of a stereo
image pickup system according to a second embodiment of
the present invention. In the first embodiment, software of
the lens microcomputer 14 1s used for realizing timing
control, whereas 1n the second embodiment, hardware i1s
used for realizing timing control. The description of similar
clements to those shown 1n FIG. 1 1s omitted, and only a
driver circuit portion for liquid crystal shutters will be
described.

In FIG. 4, reference numeral 43 represents a signal line for
outputting a trigger signal from the lens microcomputer 14.
This trigger signal 1s used as a count start signal for
programmable counters 41 and 42 to start counting.

Reference numeral 44 represents signal lines via which
counts are written into the programmable counters 41 and 42
in advance. Via these write signal lines, counts correspond-
ing to the time T1 from when the vertical sync signal rises
to when the shutter opens and to the time T2 from when the
vertical sync signal rises to when the shutter closes, respec-
fively obtained at the above-described communication, are
written before the count start.

Pulse signals corresponding to the open/close timings of
the liquid crystal shutter 102 and output from the counters 41
and 42 are supplied to a logic circuit block 74.

Reference numeral 141 represents an odd/even judgement
signal for distinguishing between an odd field and an even
field. This signal 1s generated in accordance with 1nforma-
tion acquired by the lens microcomputer 14 from the camera
unit 12 at each communication operation. In accordance
with the pulses corresponding to shutter open/close timings
supplied from the counters 41 and 42 and the odd/even
judgement signal (ODD/EVEN signal), the logic circuit
block 74 supplies shutter open/close signals to drivers 15L
and 15R.

With this structure of the embodiment, the program
counters 41 and 42 can set as desired the time from when the
vertical sync signal rise to when the shutter open and the
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time from when the vertical sync signal rise to when the
shutter close, although these times are fixed 1n the conven-
fional system.

In the first and second embodiments, 1n accordance with
the CCD accumulation period of the camera unit, the open/
close timing of the liquid crystal shutter of the lens unit 1s
changed. Specifically, by using the communication means
between the lens unit and camera unit of a lens-exchange
system, the information of the CCD accumulation period or
the i1nformation of the liquid crystal shutter open/close
timing set 1n accordance with the CCD accumulation period
1s transmitted from the camera unit to the lens unit. In
accordance with the information, the lens unit controls the
open/close timing of the liquid crystal shutter. Accordingly,
a lowered exposure amount (lowered light amount) and
crosstalk which may be caused by the shift of a shutter
open/close timing can be avoided, so that a stereo 1mage
having a good quality can always be picked up.

FIG. 5 1s a diagram showing the structure of a stereo
image pickup system according to a third embodiment of the
present invention. In FIG. 5, reference numeral 201 repre-
sents right and left shutters (shutter 201R for right eye and
shutter 201L for left eye) for inputting a time-divisional
stereo 1mage by repeating the open/close operation between
the right and left shutters at a proper cycle. Reference
numeral 202 represents right and left mirrors (mirror 202R
for right eye and mirror 202L for left eye) for adjusting the
direction (convergence angle) of right and left optical axes.
Reference numeral 203 represents a prism for separating
into right and left optical axes.

Reference numeral 204 represents a lens for converging
an 1mage. Reference numeral 205 represents an 1mage
pickup element such as a CCD for picking up a stereo image.
Reference numeral 206 represents a video processing circuit
which processes a signal supplied from CCD 205 to generate
an 1mage signal Vout.

Reference numeral 207 represents a camera microcom-
puter for controlling the camera (camera unity) and trans-
mitting delay information of an accumulation time of CCD
2035 to the lens unit. Reference numeral 208 represents a lens
microcomputer for controlling the lens unity and outputting
fiming information for correcting a drive timing of the
shutters 201 based upon delay information of the accumu-
lation time.

Reference numeral 209 represents a sync separation cir-
cuit for deriving a vertical sync signal (and an ODD/EVEN
signal for distinguishing between an odd field and an even
field). Reference numeral 210 represents a correction circuit
which outputs shutter drive signals suitable for the accumu-
lation time 1n accordance with the vertical sync signal and
the timing information.

In picking up a stereo 1image, if the shutter 201 1s driven
by using the vertical sync signal, there 1s caused a difference
between the accumulation time of CCD 2035 and the shutter
open/close timing by a shift of the accumulation time, and
this results 1n crosstalk between right and left images occurs.

CCD 205 receives light at 1ts photosensitive plane and
accumulates 1t to convert 1t into electric signal, to thereby
outputting a video signal. In this case, CCD 205 accumulates
light for each frame and the start timing of accumulation has
some delay from the vertical sync signal (this delay is
decided by the format of the camera unit).

Since the shutter drive signal 1s generated based upon the
vertical sync signal, 1t has a delay corresponding to the
accumulation delay. A circuit for correcting this shift or
delay 1s provided to reduce crosstalk between right and left
Images.
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In the lens-exchange system, the same combination of a
camera (camera unity) and a lens (lens unity) is not always
used. A correction amount for the shift of the accumulation
time 1s required to be altered each time a different camera
(camera unity) is used. In order to decide the correction
amount, accumulation time nformation 1s added to the
communication format used between the camera and lens so
that the shutter can be driven in a manner always suitable for
the accumulation time, even for any combination of the
camera and lens.

Images having right and left parallaxes, mput via the
mirrors 202 and prism 203, are input to CCD 205 and then
processed by the video processing circuit 206 which outputs
an image signal (video signal). The shutters 201 disposed on
the right and left optical axes are alternately opened and
closed. Therefore, a stereo 1mage of field-sequential right
and left 1mages can be formed.

At the same time when the camera microcomputer 207
performs various controls of the camera (camera unity), the
camera microcomputer 207 communicates with the lens
(lens unity) synchronously with a chip select signal CS
(which i1s a sync signal for communication). The accumu-
lation time 1nformation of CCD 203 1s transmitted to the lens
(lens unity) side.

In the lens unit, the sync separation circuit 209 derives the
vertical sync signal Vsync and an ODD/EVEN signal whose
level 1s mverted between High and Low 1n response to
Vsync, from the supplied video signal (image signal) Vout.
The lens microcomputer 208 generates the timing 1nforma-
fion representative of how much the drive timing of the
shutter 201 1s shifted, in accordance with the accumulation
fime 1nformation supplied from the camera side over com-
munications. The lens microcomputer 208 supplies the gen-
erated timing information to the correction circuit 210. In
driving the shutter 201, it 1s necessary to make the shutter
transparent at least after the accumulation end time of CCD
205 1n case of that the closed lens 1s opened, and to make the
shutter not transparent at least before the accumulation start
time 1n case of that the opened shutter 1s closed.

The timing information for correcting the shutter drive
signal 1s generated so as to satisty the above-described
conditions. The correction circuit 210 corrects or shifts the
shutter drive signal relative to the vertical sync signal 1n
accordance with the timing information to drive the shutter
without any crosstalk.

As above, according to the third embodiment, information
of the accumulation time of CCD 1s transmitted from the
camera side to the lens side, and the lens side decides the
shutter drive timing 1n accordance with the received infor-
mation. A shutter drive always suitable for the accumulation
time can be realized independently from the type of CCD of
the camera.

FIG. 6 1s a diagram showing the structure of a stereo
image pickup system according to a fourth embodiment of
the present invention. In FIG. 6, reference numeral 301
represents right and left shutters (shutter 301R for right eye
and shutter 301L for left eye) for inputting a time-divisional
stereo 1mage by repeating the open/close operation between
the right and left shutters at a proper cycle. Reference
numeral 302 represents right and left mirrors (mirror 302R
for right eye and mirror 302L for left eye) for adjusting the
direction of right and left optical axes. Reference numeral
303 represents a prism for separating into right and left
optical axes.

Reference numeral 304 represents a lens for converging,
an 1mage. Reference numeral 305 represents a CCD for
picking up a stereo 1image from the lens 304. Reference
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numeral 306 represents a video processing circuit which
processes a signal supplied from CCD 305 to generate an
image signal (video signal) Vout.

Reference numeral 307 represents a camera microcom-
puter for controlling the camera (camera unity) and trans-
mitting delay mformation of an accumulation time of CCD
305 to the lens unit. Reference numeral 308 represents a lens
microcomputer for controlling the lens unit and outputting
fiming information for correcting a drive timing of the
shutters 301 based upon the accumulation time delay infor-
mation.

Reference numeral 309 represents a sync separation cir-
cuit for deriving a vertical sync signal (and an ODD/EVEN
signal). Reference numeral 310 represents a correction cir-
cuit which outputs shutter drive signals suitable for the
accumulation time 1n accordance with the vertical sync
signal and the timing mmformation.

In the third embodiment, the shutter drive signal 1s
generated by using the vertical sync signal separated from
the image signal (video signal) Vout supplied from the
camera (camera unity) side.

However, 1n this case, it 1s necessary to connect a video
output terminal of the camera (camera unity) side via a cable
or the like to the lens (lens unity) side. This cable connection
1s not so good 1n terms of outer ornaments of a lens-
exchange system.

In this embodiment, therefore, the video signal (image
signal) is not used for deriving the vertical sync signal, but
a sync signal obtained over communications via the mount
between the camera and lens 1s used 1n place of the vertical
sync signal.

Images having right and left parallaxes, input via the
mirrors 302 and prism 303, are 1mnput to CCD 305 and then
processed by the video processing circuit 306 which outputs
a video signal. The shutters 301 disposed on the right and
left optical axes are alternately opened and closed. There-
fore, a stereo 1mage of field sequential right and left images
can be formed.

At the same time when the camera microcomputer 307
performs various controls of the camera (camera unity), the
camera microcomputer 307 communicates with the lens unit
synchronously with a chip select signal CS. The accumula-
tion time mnformation of CCD 3085 1s transmitted to the lens
(lens unit) side.

This CS signal 1s used for synchronization of communi-
cations between the camera and lens. The communications
are performed every %o second. The CS signal 1s delayed by

a constant time Tst from the vertical sync signal Vsync as
shown 1n FIG. §B.

Since the delay time Tst 1s also transmitted when the CS
signal 1s transmitted, the lens side can deal with this CS
signal as an equivalent of the vertical sync signal Vsync. By
using the accumulation time 1nformation together with the
CS signal, the shutter drive timing (shutter drive signal) can
be corrected to match the accumulation time.

Specifically, in the lens unit, the lens microcomputer 308
generates the timing information Tm representative of how
much the drive timing of the shutter 301 is shifted, in
accordance with the accumulation time information supplied
from the camera side over communications. This timing
information Tm 1s supplied to the correction circuit 310.

In driving the shutter 301, 1t 1s necessary to make the
shutter not transparent at least before the accumulation time
in case of that the opened shutter 1s closed. The timing
information for correcting the shutter drive signal 1s gener-
ated so as to satisty the this condition.
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The correction circuit 310 corrects the shutter drive signal
relative to the sync signal (CS signal) in accordance with the
fiming information supplied from the lens microcomputer
308 to drive the shutter without any crosstalk.

FIG. 7 1s a diagram showing the structure of a stereo
image pickup system according to a fifth embodiment of the
present invention. In FIG. 7, reference numeral 401 repre-
sents right and left shutters (shutter 401R for right eye and
shutter 4011 for left eye) for inputting a time-divisional
stereo 1mage by repeating the open/close operation between
the right and left shutters at a proper cycle. Reference
numeral 402 represents right and left mirrors (mirror 402R
for right eye and mirror 402L for left eye) for adjusting the
direction of right and left optical axes. Reference numeral
403 represents a prism for separating into right and left
optical axes.

Reference numeral 404 represents a lens for converging,
an 1mage. Reference numeral 405 represents a CCD for
picking up a stereo 1mage from the lens 404. Reference
numeral 406 represents a video processing circuit which
processes a signal supplied from CCD 405 to generate an
image signal (video signal) Vout.

Reference numeral 407 represents a sync separation cir-

cuit for extracing a vertical sync signal Vsync (and an
ODD/EVEN signal) from the video signal (image signal).

Reference numeral 408 represents a camera microcom-
puter for controlling the camera (camera unit) and transmit-
ting delay information of an accumulation time of CCD 4035
to the lens unit. Reference numeral 409 represents a lens
microcomputer for controlling the lens unit and outputting a
proper shutter drive signal in accordance with the vertical
sync signal and accumulation time delay information.

The shutter drive signal for switching between the right
and left shutters 401 to record a field sequential stereo 1mage
1s generated by using a sync signal. The easiest method of
generating the shutter drive signal 1s to derive the vertical
sync signal from the video signal and use this vertical sync
signal.

By using the ODD/EVEN signal whose level 1s inverted
between High and Low 1n response to the vertical sync
signal Vsync and its inverted signal, the right and left
shutters can be driven synchronously. In the conventional
system, a video signal 1s used only 1 the camera unit, and
the lens unit for driving the shutter cannot use that video
signal.

In this embodiment, therefore, the sync separation circuit
407 1s added to the camera unit. The vertical sync signal 1s
derived on the camera unit side and added to the commu-
nication format to be used between the camera and lens. On
the lens side, a proper shutter drive signal 1s generated.

Images having right and left parallaxes, mput via the
mirrors 402 and prism 403, are 1input to CCD 405 and then
processed by the video processing circuit 406 which outputs
a video signal. The shutters 401 disposed on the right and
left optical axes are alternately opened and closed. There-

fore, a stereo 1mage of field-sequential right and left images
can be formed.

At the same time when the camera microcomputer 408
performs various controls of the camera (camera unity), the
camera microcomputer 408 communicates with the lens
unity synchronously with a chip select signal CS.

The information for this communication includes the
vertical sync signal Vsync output from the sync separation

circuit 407 and the accumulation time information repre-
sentative of how much the accumulation time of CCD 4035

1s delayed from the vertical sync signal Vsync.
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In the lens unit, the lens microcomputer 409 generates a
shutter drive signal 1n accordance with the received vertical
sync signal and the accumulation time delay information.
For the shutter drive signal, 1t 1s necessary to make the
shutter transparent at least after the accumulation time of
CCD 405 1n case of that the closed lens 1s opened, and to
make the shutter not transparent at least before the accumu-
lation time 1n case of that the opened shutter 1s closed. This
signal drives the shutter 401 so that the shutters can be
driven without any crosstalk between right and left images.

FIGS. 8A to 8F are timing charts illustrating each signal
waveform of the embodiments shown 1 FIGS. 5 to 7. In
FIGS. 8A to 8E, FIG. 8A shows the waveform of the vertical
sync signal Vsync separated from the video signal, FIG. 8B
shows the waveform of the chip select signal CS for com-
munication synchronization between the camera and lens,
FIG. 8C shows the waveform of a signal representative of
the accumulation time of CCD, FIG. 8D shows the wave-
form of the shutter drive signal for the right eye corrected
relative to the sync signal, FIG. 8E shows the waveform of
the shutter drive signal for the left eye corrected relative to
the sync signal, and FIG. 8F i1s the waveform of the
ODD/EVEN signal relative to the vertical sync signal
Vsync. As apparent from FIGS. 8A to 8F, the CCD accu-
mulation time 1s controlled to be always within the shutter
open time.

In the third to fifth embodiments, the CCD accumulation
time information of the camera 1s added to the communi-
cation format between the camera and lens. It 1s therefore
possible to reduce crosstalk between right and left 1mages
even for any combination of the camera and lens.

By adding the vertical sync signal to the communication
format between the camera and lens, it becomes possible to
generate the shutter drive signal without supplying the video
signal externally from the lens side.

As described so far, according to the above-described
embodiments, a lowered light amount and crosstalk which
may be caused by a shift between the accumulation time of
the 1mage pickup element and the open/close timing of the
shutter can be prevented.

Many widely different embodiments of the present inven-
tion may be constructed without departing from the spirit
and scope of the present invention. It should be understood
that the present invention 1s not limited to the speciiic
embodiments described 1n the specification, except as
defined 1n the appended claims.

What 1s claimed 1s:

1. An 1mage pickup apparatus comprising:

right and left optical systems;

shielding means disposed correspondingly to each of said

richt and left optical systems, for time-divisionally
switching between incident light;

control means for controlling an open/close timing of said

shielding means; and

image pickup means for picking up an 1mage 1nput via

said right and left optical systems,

wherein said control means variably controls the open/

close timing of said shielding means 1n accordance with
exposure timing information of said 1mage pickup
means.

2. The mmage pickup apparatus according to claim 1,
wherein the exposure timing information is information as to
an accumulation time of said 1image pickup means.

3. The mmage pickup apparatus according to claim 2,
wherein said control means controls said shielding means in
accordance with the exposure timing information so that
said shielding means 1s opened before a start of the accu-
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mulation time of said 1mage pickup means and closed after
an end of the accumulation time.

4. The 1mage pickup apparatus according to claim 1,
wherein said shielding means 1s a liquid crystal shatter
disposed 1n each of said right and left optical systems.

5. The image pickup apparatus according to claim 1,
wherein the exposure timing information 1s i1nformation
representative of a time difference between a vertical sync
signal m a video signal output from said image pickup
means and the accumulation time of said image pickup
means.

6. The 1mage pickup apparatus according to claim 1,
wherein said control means controls an open/close of said
shielding means 1n accordance with the exposure timing
information and an odd/even field identification signal.

7. The 1mage pickup apparatus according to claim 1,
wherein said right and left optical systems have a predeter-
mined parallax and pick up images with right and left
parallaxes by a field-sequential recording method to form a
stereo 1mage.

8. A lens unit capable of being removably mounted on a

camera unit, comprising;

a) right and left optical systems having right and left
parallaxes and being capable of picking up a stereo
Image;

b) shielding means disposed in each of said right and left
optical systems, for time-divisionally switching
between incident light;

¢) control means for controlling an open/close timing of
said shielding means; and

d) communication means for communicating with the
camera unit,

wherein said control means controls the open/close timing
of said shielding means 1n accordance with accumula-
tion timing information of 1mage pickup means of the
camera unit, received from the camera unit via said
communication means,

wherein the accumulation timing information 1s 1nforma-
fion representative of a time difference between a
communication timing signal for said communication
means and the accumulation time of said 1image pickup
means.

9. The lens unit according to claim 8, wherein said control
means controls said shielding means 1n accordance with the
accumulation timing information so that said shielding
means 1s opened before a start of the accumulation time of
the 1mage pickup means and closed after an end of the
accumulation time.

10. The lens unit according to claim 8, wheremn said
shielding means 1s a liquid crystal shutter disposed 1n each
of said right and left optical systems.

11. The lens umit according to claim 8, wherein said
communication timing signal 1s synchronous with a genera-
tion period of an 1mage of a video signal output from said
image pickup means of said camera unit.

12. The lens unit according to claim 8, wherein said
control means controls an open/close of said shielding
means 1n accordance with the accumulation timing infor-
mation and an odd/even field idenfification signal.

13. The lens unit according to claim 8, wherein said right
and left optical systems have a predetermined parallax and
pick up 1mages with right and left parallaxes by a field-
sequential recording method to form a stereo 1mage.
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14. A camera system including a camera unit and a lens
unit capable of being removably mounted on the camera
unit,

wherein said camera unit comprises:

a) image pickup means for picking up an image focused
by said lens unit and outputting a video signal; and

b) camera side control means for transmitting accumula-
tion timing 1information of said 1mage pickup means to
said lens unit; and

wherein said lens unit comprises:

c) right and left optical systems having right and left
parallaxes and being capable of picking up a stereo
Image;

d) shielding means disposed in each of said right and left
optical systems, for time-divisionally switching
between 1ncident light beams; and

¢) lens side control means for controlling an open/close
timing of said shielding means 1n accordance with the
accumulation timing information received from the
camera unit,

wherein the accumulation timing information 1s 1nforma-
tion representative of a time difference between a
communication timing signal for communication
means disposed between said camera side control
means and said lens side control means and an accu-
mulation time of said 1mage pickup means.

15. The camera system according to claim 14, wherein the
accumulation timing information 1s information as to an
accumulation time of said image pickup means of said
camera unit.

16. The camera system according to claim 14, wherein
said control means controls said shielding means in accor-
dance with the accumulation timing information so that said
shielding means 1s opened before a start of the accumulation
time of said image pickup means and closed after an end of
the accumulation time.

17. The camera system according to claim 14, wherein
said shielding means 1s a liquid crystal shutter disposed in
cach of said right and left optical systems.

18. The camera system according to claim 14, wherein
said the communication timing signal 1s synchronous with a
generation period of an 1mage of a video signal output from
sald 1mage pickup means of said camera unit.

19. The camera system according to claim 14, wherein
said control means controls an open/close of said shielding

14

means 1n accordance with the accumulation timing infor-
mation and an odd/even field idenfification signal.

20. The camera system according to claim 14, wherein
said right and left optical systems have a predetermined

5 parallax and pick up images with right and left parallaxes by
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21. An 1mage pickup control method comprising:

a step of time-divisionally driving shielding means dis-
posed correspondingly to each of right and left optical
systems, to switch between incident light;

a step of picking up an 1mage input via said right and left
optical systems with image pickup means; and

a step of controlling an open/close timing of said shield-

Ing means 1n accordance with accumulation timing
information of said 1image pickup means,

wherein the accumulation timing information 1s 1nforma-
fion representative of a time difference between a
vertical sync signal 1n a video signal output from said
image pickup means and the accumulation time of said
image pickup means.

22. The method according to claim 21, wheremn the
accumulation timing information 1s 1nformation as to an
accumulation time of said image pickup means.

23. The method according to claim 22, wherein said
controlling step includes a step of controlling the shielding
means 1n accordance with the accumulation timing infor-
mation so that said shielding means 1s opened before a start
of said accumulation time of said 1image pickup means and
closed after an end of the accumulation time.

24. The method according to claim 21, wherein said
shielding means 1s a liquid crystal shutter disposed 1n each
of said right and left optical systems.

25. The method according to claim 21, wherein said
controlling step includes a step of controlling an open/close
of said shielding means 1n accordance with the accumulation
fiming information and an odd/even field idenfification
signal.

26. The method according to claim 21, wherein said right
and left optical systems have a predetermined parallax and
pick up 1mages with right and left parallaxes by a field-
sequential recording method to form a stereo 1mage.
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